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I. INTRODUCTION
Relativistic few-body problem has received a great attention in many fields of researches
including particle physics. Solution of the problem in a way fully consistent with all require-
ments imposed by special relativity and within the framework of Quantum Field Theory
(QFT) is one of the great challenges in theoretical elementary particle physics. The most
complete results here exist for the case of two particles. However, even the simplest rela-
tivistic two-body (R2B) bound-state problem has several principal difficulties.
There are two main aspects of the problem: 1) the scattering of two particles and 2) bound
state of the particles. These are two main R2B problems in quantum physics. The scattering
and bound-state problems in quantum physics are related to solution of a single covariant
equation, but for different boundary conditions. The R2B bound-state problem has several
principal difficulties. Main of them concern α) the equation of motion and β) the interaction
potential. Judging from the large variety of approaches attempted even in recent years, this
problem has no generally agreed-upon solution [1, 2].
Description of the R2B bound systems has a long history. There have been proposed
several wave equations for the describtion of bound states within relativistic quantum theory.
Solution of the R2B problem in a way fully consistent with all requirements imposed by
special relativity and within the framework of QFT is founded on the four-dimensional (4D)
covariant Bethe-Salpeter equation (BS) [3, 4]. The better-known work is an integral BS
equation in momentum space that is obtained directly from QFT.
The 4D covariant BS equation governs all the bound states and the scattering in R2B
problem; it is appropriate framework for the description of the R2B bound-state problem
within QFT [2]. However, the BS equation cannot be solved in general. Many attempts to
apply the BS formalism to the R2B bound-state problem give series of difficulties, such as
the relative time problem, the impossibility to determine the BS interaction kernel beyond
the tight limits of perturbation theory and many others [5].
There exist various reductions of the BS equation [2, 6–10]. For a variety of reasons most
of the attempts are not appropriate for the treatment of highly relativistic effects like those
necessary for the calculation of bound states. Many authors have developed noncovariant
instantaneous truncations of the BS equation [2, 8]. A better known is the Salpeter work [6].
These and many other difficulties are the sources of the numerous attempts to reformulate
the R2B problem [2, 7, 8, 11, 12]. This rather long list of authors and papers include different
formulations of the R2B problem and related applications to QED and QCD. Most of the
references are related to constraint dynamics [12].
There are a number of strategies in computational treatments of QCD that emerge in
the study of meson spectroscopy. One is to set up a discrete lattice analog of the full
QFT. Another is to first make analytic approximations which replace the QFT problem by
a classical variational problem involving an effective Lagrange function and action. The
latter approach has been exploited and gave a detailed account of applications of the R2B
Dirac equations of constraint dynamics to the meson quark-antiquark bound states [13].
Applications of R2B Dirac Equations to the meson spectrum with three versus two covariant
interactions, SU(3) mixing, and comparison to a quasipotential approach were considered
in [14]. The R2B Dirac equations of Constraint Dynamics have dual origins. On the one
hand they arise as one of the many quasipotential reductions of the BS equation. On the
other they arise independently from the development of a consistent covariant approach to
the R2B problem in relativistic classical mechanics independent of QFT [15].
In this work we consider these two aspects and then go on to discuss applications to the
Hydrogen atom and hadron spectroscopy. We start with R2B problem in relativistic classical
mechanics Using relativistic kinematics and the correspondence principle, we deduce a two-
particle wave equation. The interaction of particles (quarks) is described by the modified
funnel-type Lorentz-scalar Cornell potential. We obtain two exact asymptotic solutions of
the equation which are used to write the complex-mass formula for the bound system. The
last part of the work explains the importance we put on numerical tests of the model and
some speculative theoretical results concerning the Hydrogen atom.
II. QUASIPOTENTIAL REDUCTION OF THE BS EQUATION
The homogeneous BS equation governs all the bound states. However, numerious at-
tempts to apply the BS formalism to relativistic bound-state problems give series of diffi-
culties. Its inherent complexity usually prevents to find the exact solutions or results in the
appearance of excitations in the relative time variable of the bound-state constituents (ab-
normal solutions), which are difficult to interpret in the framework of quantum physics [5].
Usually, calculations are carried out with the help of phenomenological and relativistic mod-
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els [16, 17].
The BS equation [3, 4], which is the basic bound state equation in QFT, has been revealed
inadequate for quantitative calculation. In practice, the BS equation has been used in QED
in the Coulomb gauge, which is a noncovariant gauge. Because of the instantaneous nature
of the dominant part of the photon propagator, one is able to transform the original 4D
equation into a 3D one and to avoid the previous difficulties [18, 19]. However, the latter
gauge has its own limitations. It neccesitates a different treatment of exchanged photons
and of photons entering in radiative corrections. Additional complications arise when QED
is mixed with other interactions, where already covariant propagators are present. In this
respect, the wave equations obtained in the framework of constraint theory [9, 11, 12, 20]
have been shown to provide a satisfactory answer to the requirement of a covariant treatment
of perturbation theory in the bound state problem [11].
More valuable are methods which provide either exact or approximate analytic solutions
for various forms of differential equations. They may be remedied in three-dimensional
reductions of the BS equation. In most cases the analytic solution can be found if original
equation is reduced to the Schro¨dinger-type wave equation. The most well-known of the
resulting bound-state equations is the one proposed by Salpeter [6]. There exist many other
approaches to bound-state problem.
Two body BS equation [2–4] for spin-zero bound states is
G−10 Ψ ≡ (p21 +m21)(p22 +m22)Ψ = KΨ, (1)
where G0 = G0,1G0,2 is free propagator of particles. The irreducible BS kernel K would
in general contain charge renormalization, vacuum polarization graphs and could contain s
elf-energy terms transferred from the inverse propogators. The kernel K is obtained from
the off-mass-shell scattering amplitude,
T = K +KG0T. (2)
Recent work with static models has indicated, that abnormal solutions disappear if one
includes all ladder and cross ladder diagrams [11]. This supports Wick` s conjecture on
defects of ladder approximations. In the mean time numerous 3D quasipotential reductions
of the BS equation had been proposed.
Reductions of the BS equation can be obtained from iterating this equation around a
3D Lorentz invariant hypersurface in relative momentum (p) space. This leads to invariant
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3D wave equations for relative motion. The resultant 3D wave equation is not unique, but
depends on the nature of the 3D hypersurface. One can choose Todorov` s quasipotential
equation [9] which has this Schro¨dinger-like form
[p2 + Φ(x1 − x2)]ψ = κ2(w)ψ, (3)
where the quasipotential Φ is related to the scattering amplitude, 3D hyperfine restriction
on the relative momentum p is defined by p · Pψ = 0, P = p1 + p2. The effective eigenvalue
in (3) is
κ2(w) =
1
4w2
[w2 − (m1 −m2)2][w2 − (m1 +m2)]2, (4)
with w =
√
P 2 the c.m. invariant energy.
If one uses a scheme that adapts Eikonal approximation for ladder, cross ladder, and
constraint diagrams to bound states applied through all orders, it gives for scalar exchange
the quasipotential
Φ = 2mwS + S
2, (5)
while for vector exchang
Φ = 2ǫwA− A2. (6)
The kinematical variables
mw =
m1m2
w
, (7)
ǫw =
w2 −m21 −m22
2w
, (8)
satisfy the Einstein relation
κ2(w) = ǫ2w −m2w, (9)
and corresponds to the energy and reduced mass for the fictitious particle of relative mo-
tion. The effects of ladder and cross ladder diagrams thus embedded in their c.m. energy
dependencies.
These forces Φ to depend on x1 − x2 only through the transverse component, xµ⊥. Thus,
in the c.m. frame, the hypersurface restriction p · Pψ = 0 not only eliminates the relative
energy [pψ = (0,p)ψ = 0] but implies that the relative time does not appear [xµ⊥ = (0, r)].
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III. THE INTERACTION POTENTIAL
The nonrelativistiv (NR) quantum mechanics shows very good results in describing bound
states; this is partly bacause the potential is NR concept. In relativistic mechanics one faces
with different kind of speculations around the potential, because of absence of a strict
definition of the potential in this theory. In NR formulation, the H atom, for example, is
described by the Schro¨dinger equation and is usually considered as an electron moving in the
external field generated by the proton static electric field given by the Coulomb potential.
In relativistic case, the binding energy of an electron in a static Coulomb field (the external
electric field of a point nucleus of charge Ze with infinite mass) is determined predominantly
by the Dirac eigenvalue [21]. The spectroscopic data are usually analyzed with the use of
the Sommerfeld’s fine-structure formula [22],
One should note that, in these calculations the S states start to be destroyed above
Z = 137, and that the P states being destroyed above Z = 274. Similar situation we
observe from the result of the Klein-Gordon wave equation, which predicts S states being
destroyed above Z = 68 and P states destroyed above Z = 82. Besides, the radial S-
wave function R(r) diverges as r → 0. These problems are general for all Lorentz-vector
potentials which have been used in these calculations [23]. In general, there are two different
relativistic versions: the potential is considered either as the zero component of a four-vector,
a Lorentz-scalar or their mixture [24]; its nature is a serious problem of relativistic potential
models [25].
This problem is very important in hadron physics where, for the vector-like confining
potential, there are no normalizable solutions [25, 26]. There are normalizable solutions for
scalar-like potentials, but not for vector-like. This issue was investigated in [23, 27]; it was
shown that the effective interaction has to be Lorentz-scalar in order to confine quarks and
gluons. The relativistic correction for the case of the Lorentz-vector potential is different
from that for the case of the Lorentz-scalar potential [28].
Quarkonia as quark-antiquark bound states are simplest among mesons. The quarkonium
universal mass formula and “saturating” Regge trajectories were derived in [27] and in [29,
30] applied for gluonia (glueballs). The mass formula was obtained by interpolating between
NR heavy QQ¯ quark system and ultra-relativistic limiting case of light qq¯ mesons for the
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Cornell potential [31, 32],
V (r) = VS(r) + VL(r) ≡ −4
3
αS
r
+ σr. (10)
The short-range Coulomb-type term VS(r), originating from one-gluon exchange, dominates
for heavy mesons and the linear one VL(r), which models the string tension, dominates
for light mesons. Parameters αS and σ are directly related to basic physical quantities of
mesons.
The Cornell potential (10) is fixed by the two free parameters, αS and σ. However, the
strong coupling αS in QCD is a function αS(Q
2) of virtuality Q2 or αS(r) in configura-
tion space. The potential can be modified by introducing the αS(r)-dependence, which is
unknown. A possible modification of αS(r) was introduced in [29],
VQCD(r) = −4
3
αS(r)
r
+ σr, αS(r) =
1
b0 ln[1/(Λr)2 + (2µg/Λ)2]
, (11)
where b0 = (33 − 2nf)/12π, nf is number of flavors, µg = µ(Q2) — gluon mass at Q2 = 0,
Λ is the QCD scale parameter. the running coupling αS(r) in (11) is frozen at r → ∞,
α∞ = 12 [b0 ln(2µg/Λ)]
−1, and is in agreement with the asymptotic freedom properties, i. e.,
αS(r → 0)→ 0.
In this work we consider and analize general coordinate-space relativistic spinless Salpeter
(SS) equation for two-body system [6]. In the c.m. frame, the SS equation has the form
(h¯ = c = 1) [√
(−i~∇)2 +m21 +
√
(−i~∇)2 +m21 + V (r)
]
= Eψ(~r) = 0, (12)
where V (r) is the potential (for simplicity we consider separable spherically symmetric po-
tential). It is a problem to find the analytic solution of this equation; it can not be reduced
to the second-order differential equation of the Shro¨dinger type. The problem originates
from two square root operators which cause a serious difficulties.
IV. TRANSFORMATION OF THE SS EQUATION
Standard relativistic approaches for R2B systems run into serious difficulties in solving
known relativistic wave equations. Consider the problem in Relativistic Quantum Mechanics
(RQM). The formulation of RQM differs from NR QM by the replacement of invariance
under Galilean transformations with invariance under Poincare` transformations. The RQM
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is also known in the literature as relativistic Hamiltonian dynamics or Poincare`-invariant QM
with direct interaction [33]. There are three equivalent forms in the RQM called “instant”,
“point”, and “light-front” forms.
The dynamics of many-particle system in the RQM is specified by expressing ten genera-
tors of the Poincare` group, Mˆµν and Wˆµ, in terms of dynamical variables. In the constructing
generators for interacting systems it is customary to start with the generators of the corre-
sponding non-interacting system; the interaction is added in the way that is consistent with
Poincare algebra. In the relativistic case it is necessary to add an interaction V to more
than one generator in order to satisfy the commutation relations of the Poincare´ algebra.
The interaction of a relativistic particle with the 4-momentum pµ moving in the external
field Aµ(x) is introduced in QED according to the gauge invariance principle, pµ → Pµ =
pµ−eAµ. The description in the “point” form of RQM implies that the mass operators Mˆµν
are the same as for non-interacting particles, i. e., Mˆµν =Mµν , and these interaction terms
can be presented only in the form of the 4-momentum operators Wˆ µ [34].
Consider the R2B problem in classic relativistic theory. Two particles with 4-momenta
pµ1 , p
µ
2 and the interaction field W
µ(q1, q2) together compose a closed conservative system,
which can be characterised by the 4-vector Pµ,
Pµ = pµ1 + pµ2 +W µ(q1, q2), (13)
where the space-time coordinates qµ1 , q
µ
2 and 4-momenta p
µ
1 , p
µ
2 are conjugate variables,
PµPµ = M2; here M is the system’s invariant mass. Underline, that no external field and
each particle of the system can be considered as moving source of the interaction field;
the interacting particles and the potential are a unified system. There are the following
consequencies of (13) and they are key in our approach.
The 4-vector (13) describes free motion of the bound system and can be presented as,
E =
√
p21 +m
2
1 +
√
p22 +m
2
2 +W0(q1, q2) = const, (14)
P = p1 + p2 +W(q1, q2) = const, (15)
describing the energy and momentum conservation laws. The energy (14) and total momen-
tum (15) of the system are the constants of motion. By definition, for conservative systems,
the intergals (14) and (15) can not depend on time explicitly. This means the interaction
W (q1, q2) should not depend on time, i. e., W (q1, q2) => V (r1, r2).
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It is well known that the potential as a function in 3D-space is defined by the propagator
D(q 2) (Green function) of the virtual particle as a carrier of interaction, where q = p1−p2
is the transfered momentum. In case of the Coulomb potential the propagator is D(q 2) =
−1/q 2; the Fourier transform of 4παD(q 2) gives the Coulomb potential, V (r) = −α/r.
The relative momentum q is conjugate to the relative vector r = r1 − r2, therefore, one
can accept that V (r1, r2) = V (r) [5]. If the potential is spherically symmetric, one can
write V (r) => V (r), where r = |r|. Thus, the system’s relative time τ = t1 − t2 = 0
(instantoneous interaction).
Equations (14) and (15) in the c.m. frame are
M =
√
p2 +m21 +
√
p2 +m22 + V(r), (16)
P = p1 + p2 +W(r1, r2) = 0, (17)
where p = p1 = −p2 that follows from the equality p1+p2 = 0; this means thatW(r1, r2) =
0. The system’s mass (16) in the c.m. frame is Lorentz-scalar. In case of free particles
(V = 0) the invariant mass M =
√
p2 +m21 +
√
p2 +m22 can be transformed for p
2 as
p2 =
1
4s
(s−m2−)(s−m2+) ≡ k2, (18)
which is relativistic invariant, s = M2 is the Mandelstam’s invariant, m− = m1 − m2,
m+ = m1 +m2.
Equation (14) is the zeroth component of the 4-vector (13) and the potential W0 is
Lorentz-vector. But, in the c.m. frame the mass (16) is Lorentz-scalar; and what about
the potential V? Is it still Lorentz-vector? To show that the potential is Lorentz-scalar,
let us reconsider (16) as follows. The relativistic total energy ǫi(p) (i = 1, 2) of particles
in (16) given by ǫ2i (p) = p
2 + m2i can be represented as sum of the kinetic energy τi(p)
and the particle rest mass mi, i. e., ǫi(p) = τi(p) + mi. Then the system’s total energy
(invariant mass) (16) can be written in the form M =
√
p2 +m21(r) +
√
p2 +m22(r), where
m1,2(r) = m1,2 +
1
2
V(r) are the distance-dependent particle masses [35] and (18) with the
use of m1(r) and m2(r) takes the form,
p2 = K(s)
[
s− (m+ + V)2
]
≡ k2 − U(s, r), (19)
where K(s) = (s−m2−)/4s, k2 is squared invariant momentum given by (18) and U(s, r) =
K(s) [2m+V + V
2] is the potential function. The equation (19) is the relativistic analogy of
the NR expression p2 = 2µ[E − V (r)] ≡ k2 − U(E, r).
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The equality (19) with the help of the fundamental correspondence principle gives the
two-particle spinless wave equation,[(
−i~∇
)2
+ k2 − U(s, r)
]
ψ(r) = 0. (20)
The equation (20) can not be solved by known methods for the potential (11). Here we use
the quasiclassical (QC) method and solve another wave equation [28, 36]. Compare (20)
with the one (3). Is there any difference between them?
V. SOLUTION OF THE QC WAVE EQUATION
Solution of the Shro¨dinger-type’s wave equation (20) can be found by the QC method
developed in [36]. In our method one solves the QC wave equation derivation of which is
reduced to replacement of the operator ~∇2 in (20) by the canonical operator ∆c without the
first derivatives, acting onto the state function Ψ(~r) =
√
det gijψ(~r), where gij is the metric
tensor. Thus, instesd of (20) one solves the QC equation, for the potential (11),{
∂2
∂r2
+
1
r2
∂2
∂θ2
+
1
r2 sin2 θ
∂2
∂ϕ2
+
s−m2−
4s
[
s−
(
m+ − 4
3
αS(r)
r
+ σr
)2]}
Ψ(r) = 0. (21)
This equation is separated. Solution of the angular equation was obtained in [36] by the QC
method in the complex plane, that gives Ml = (l +
1
2
)h¯, for the angular momentum eigen-
values. These angular eigenmomenta are universal for all spherically symmetric potentials
in relativistic and NR cases.
The radial problem has four turning points and cannot be solved by standard methods.
We consider the problem separately by the QC method for the short-range Coulomb term
(heavy mesons) and the long-range linear term (light mesons). The QC method reproduces
the exact energy eigenvalues for all known solvable problems in quantum mechanics [28, 36].
The radial QC wave equation of (21) for the Coulomb term has two turning points and the
phase-space integral is found in the complex plane with the use of the residue theory and
method of stereographic projection [36, 37] that gives
M
2
N =
(√
ǫ2N ±
√
(ǫ2N)
∗
)2
≡ 4
[
Re{ǫ2N} ± iIm{ǫ2N}
]
, (22)
where ǫ2N =
1
4
m2+ (1− v2N) + i2m+m−vN, vN = 23α∞/N , N = k + l + 1.
Large distances in hadron physics are related to the problem of confinement. The radial
problem of (21) for the linear term has four turning points, i. e., two cuts between these
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points. The phase-space integral in this case is found by the same method of stereographic
projection as above that results in the cubic equation [35]: s3 + a1s
2 + a2s+ a3 = 0, where
a1 = 16α˜∞σ−m2−, a2 = 64σ2
(
α˜2∞ − N˜2 − α˜∞m2−/4σ
)
, a3 = −(8α˜∞σm−)2, N˜ = N + k+ 12 ,
α˜∞ = 43α∞. The first root s1(N) of this equation gives the physical solution (complex
eigenmasses), M21(N) = s1(N), for the squared invariant mass.
Two exact asymptotic solutions obtained such a way are used to derive the interpolating
mass formula. The interpolation procedure for these two solutions [27] is used to derive the
resonance’s mass formula:
M
2
N = (m1 +m2)
2
(
1− v2N
)
± 2i(m21 −m22)vN + Re{M21(N)}. (23)
The real part of the square root of (23) defines the centered masses and its imaginary
part defines the total widths, ΓTOTN = −2 Im{MN}, of resonances [37, 38]. The real-part
mass in (23) exactly coincides with the universal mass formula obtained independently by
another method with the use of the two-point Pade´ approximant [27] and is very transparent
physically, as well as the Coulomb potential.
The free fit to the data show a good agreement for the light and heavy Qq¯ meson reso-
nances. Note, that the gluon mass in the independent fitting is the same, mg = 416MeV.
Besides, it is the same for glueballs [29]. the d quark effective mass is also practically the
same, i. e., md ≃ 273MeV, for the light and heavy resonances.
It describes equally well the mass spectra of all qq¯ and QQ¯ mesons ranging from the
ud¯ (dd¯, uu¯, ss¯) states up to the heaviest known bb¯ systems [27] and glueballs [29, 30] as
well. Besides, it allows one to get the Regge trajectories as analytic functions in the whole
region from solution of the cubic equation for the angular momentum J(M2) [27]; the Regge
trajectories including the Pomeron [29, 30] are “saturating” and appears to be successful in
many applications [39–41].
In our QC method not only the total energy, but also momentum of a particle-wave in
bound state is the constant of motion. Solution of the QC wave equation in the whole region
is written in elementary functions as [28, 36, 42],
R¯n(r) = Cn


1√
2
exp(|pn|r − φ1), r < r1,
cos(|pn|r − φ1 − pi4 ), r1 ≤ r ≤ r2,
(−1)n√
2
exp(−|pn|r + φ2), r > r2,
(24)
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TABLE I. The masses of the ρ±(ud¯)-meson resonances
Meson JPC Eexn E
th
n Parameters in (23)
ρ (1S) 1−− 776 776 Λ = 500 MeV
a2(1P ) 2
++ 1318 1314 µg = 416MeV
ρ3(1D) 3
−− 1689 1689 σ = 0.139GeV2
a4(1F ) 4
++ 1996 1993 md = 276MeV
ρ (1G) 5−− 2255 mu = 129MeV
ρ (2S) 1−− 1717 1682
ρ (2P ) 2++ 1990
ρ (2D) 3−− 2254
TABLE II. The masses of the D∗±(cd¯)-meson resonances
Meson JPC Eexn E
th
n Parameters in (23)
D∗(1S) 1−− 2010 2010 Λ = 446MeV
D∗2(1P ) 2
++ 2460 2464 mg = 416MeV
D∗3(1D) 3
−− 2845 σ = 0.249GeV2
D∗4(1F ) 4
++ 3178 mc = 1163MeV
D∗5(1G) 5
−− 3478 md = 271MeV
D∗(2S) 1−− 1820 2821
D∗(2P ) 2++ 2011 3166
D∗(2D) 3−− 3471
where Cn =
√
2|pn|/[π(n+ 12) + 1] is the normalization coefficient, pn is the corresponding
eigenmomentum, φ1 = −π(n + 12)/2 and φ2 = π(n + 12)/2 are the values of the phase-
space integral at the turning points x1 and x2, respectively. In the classically allowed region
[x1, x2], the solution is
R¯n(r) = Cn cos
(
|pn|r + π
2
n
)
, (25)
i.e., has the form of a standing wave. This solution is appropriate for two-turning-point
problems both in non-relativistic and relativistic cases with the corresponding eigenmomenta
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pn. We use this fact in the present work.
To demonstrate its efficiency we calculate the leading-state masses of the ρ and D∗ meson
resonances (see tables, where masses are in MeV).
CONCLUSION
The constituent quark picture could be questioned since potential models have serious dif-
ficulties because the potential is non-relativistic concept. However, in spite of non-relativistic
phenomenological nature, the potential approach is used with success to describe mesons
as bound states of quarks.
We have modeled meson resonances to be the quasi-stationary states of two quarks in-
teracting by the QCD-inspired funnel-type potential with the coordinate dependent strong
coupling, αS(r). Using the complex analysis, we have derived the meson complex-mass for-
mula (23), in which the real and imaginary parts are exact expressions. This approach allows
to simultaneously describe in the unified way the centered masses and total widths of reso-
nances. We have shown here the results only for unflavored and charmed meson resonances,
however, we have obtained a good description for strange and beauty mesons as well [43].
[1] S. Weinberg and et al., The Quantum Theory of Fields, Vol. 1 (Cambridge University Press,
1995) p. 560.
[2] W. Lucha and F. F. Scho¨berl, Phys. Rev. D 93, 096005 (2016).
[3] H. A. Bethe and E. E. Salpeter, Quantum mechanics of one- and two-electron atoms (Dover
Publications, Mineola, N.Y., 2008) iSBN 978-0486466675.
[4] E. E. Salpeter and H. A. Bethe, Phys. Rev. 84, 1232 (1951).
[5] W. Lucha and F. F. Scho¨berl, Int. J. Mod. Phys. A 14, 2309 (1999).
[6] E. E. Salpeter, Phys. Rev. 87, 328 (1952).
[7] V. G. Kadyshevsky, Nucl. Phys. B 6, 125 (1968).
[8] N. Nakanishi, Supp. Prog. Theor. Phys. 43, 1 (1969).
[9] I. T. Todorov, Ann. Inst. H. Poincare´ A28, 207 (1978), dubna Joint Institute for Nuclear
Research No. E2-10175,1976.
13
[10] L. G. Suttorp, Ann. Phys. 122, 397 (1952).
[11] H. Jallouli and H. Sazdjian, Ann. Phys. 253, 376 (1997).
[12] H. W. Crater, “Two-body dirac equations for relativistic bound states of quantum field the-
ory,” (2000), [arXiv:hep-ph/9912386v2].
[13] H. W. Crater and P. V. Alstine, Phys. Rev. D70, 034026 (2004).
[14] H. W. Crater and J. Schiermeyer, “Applications of two-body dirac equations to the meson
spectrum with three versus two covariant interactions, su(3) mixing, and comparison to a
quasipotential approach,” (2010), [arXiv:hep-ph/1004.2980v3].
[15] H. W. Crater and P. V. Alstine, Ann. Phys. (N.Y.) 148, 57 (1983).
[16] G. Morpurgo, Phys. Rev. D 41, 2865 (1990).
[17] R. N. F. D. Ebert and V. O. Galkin, Euro. Phys. J. C 71, 1825 (2011).
[18] G. T. Bodwin and D. R. Yennie, Phys. Reports 43, 267 (1978).
[19] W. Buchm?uller and E. Remiddi, Nucl. Phys. B162, 250 (1980).
[20] G. Longhi and L. Lusanna (eds.), Constraints Theory and Relativistic Dynamics, proc. of the
firenze workshop ed. (World Scienti?c, Singapore, 1986, 1987).
[21] P. J. Mohr and B. Taylor, Rev. Mod. Phys. 77, 1 (2005), nIST Atomic Spectra Database
(ver. 5.3), [Online]. Available: [http://physics.nist.gov/asd], 2016, Sep 3. National Institute
of Standards and Technology, Gaithersburg, MD, 2015.
[22] D. Bohm, Quantum Theory (Dover Publications, 1979).
[23] Y.-S. Huang, Found. Phys. 31 (2001).
[24] B. S. et al., Amer. J. Phys. 57, 886 (1989).
[25] J. Sucher, Phys. Rev. D 51, 5965 (1995).
[26] C. Semay and R. Ceuleneer, Phys. Rev. D 51, 5965 (1993).
[27] M. N. Sergeenko, Z. Phys. C64, 315 (1994).
[28] M. N. Sergeenko, Mod. Phys. Lett. A12, 2859 (1997).
[29] M. N. Sergeenko, Eur. Phys. J. C72, 2128 (2012), [arXiv:hep-ph/1206.7099].
[30] M. N. Sergeenko, Europhys. Lett. 89, 11001 (2010).
[31] G. S. Bali, Phys. Rep. 343, 1 (2001).
[32] H. M. E. Eichten, S. Godfrey and J. L. Rosner, Rev. Mod. Phys. 80, 1161 (2008).
[33] P. A. M. Dirac, Rev. Mod. Phys. 21, 392 (1949).
[34] V. V. Andreev and M. N. Sergeenko, “Meson regge trajectories inrelativistic quantum mechan-
14
ics,” Editors L. Babichev and V.Kuvshinov, Minsk, 2000, pp. 97–105. Talk given at SPIRES
Conference C99/05/17.3 8 pp. [arXiv:hep-ph/9912299] (2000), proceedings of the Eighth An-
nual Seminar NPCS-99, Nonlinear phenomena in complex systems, 1999, Minsk, Belarus.
[35] M. N. Sergeenko, Nonl. Dynam. & Appl. 23, 239 (2017), [arXiv:hep-ph/1712.02641v1].
[36] M. N. Sergeenko, Phys. Rev. A53, 3798 (1996).
[37] M. N. Sergeenko, Adv. HEP 2013, 1 (2013), article ID 325431.
[38] M. N. Sergeenko, Nonlin. Phen. in Compl. Sys. 17, 433 (2014).
[39] P. Rossi, “Physics of the clas collaboration: Some selected results,” JLAB-PHY-03-14, Feb
2003. 11 pp. Talk given at 41-st International Winter Meeting on Nuclear Physics, Bormio,
Italy, 26 Jan – 2 Feb (2003), jLAB-PHY-03-14, 11 p.
[40] M. Battaglieri and et al. (CLAS Collaboration), Phys. Rev. Lett. 90, 022002 (2003),
[arxiv.org/pdf/hep-ph/0406153].
[41] L. Morand and et al., Eur. Phys. J. A 24, 445 (2005), [arxiv.org/pdf/hep-ex/0504057].
[42] M. N. Sergeenko, Int. J. Mod. Phys. A18, 3041 (2003), [arXiv:quant-ph/0010084v2].
[43] M. N. Sergeenko, “Mesons and resonances in relativistic quantum mechanics for the lorentz-
scalar potential,” [arXiv:hep-ph/1703.07766v3] (2017).
15
